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The  invention  relates  to  means  for  generating 
electric  energy  in  a  borehole  during  drilling  there- 
of,  said  means  including  a  housing  provided  with 
connector  means  at  the  ends  thereof  for  inserting 
the  housing  in  a  drill  string,  a  conduit  system  for 
passing  fluid  through  the  housing,  and  an  electric 
generator  including  a  stator  and  an  anchor 
assembly  arranged  in  the  housing. 

In  the  search  for  hydrocarbons,  there  is  a 
tendency  to  drill  deeper  wells  and  to  drill  in  more 
hostile  environments  than  in  the  past.  These 
adverse  drilling  circumstances  result  in  rising 
drilling  costs,  and  these  rising  costs  emphasize 
the  need  for  optimizing  the  drilling  process.  Such 
optimization  of  the  drilling  process  can  be 
reached  by  applying  systems  that  enable  close 
monitoring  of  parameters  relevant for the  drilling 
process.  In  the  specification  these  systems  are 
referred  to  as  "telemetry  systems".  A  system  of 
this  type  is  known,  for  example,  from  W O - A -  
8002051. 

These  telemetry  systems  consist  of  surface 
components,  such  as  a  receiver  and  a  processing 
unit,  and  subsurface  components,  such  as  sen- 
sors,  signal  adaptors  and  a  processor,  a  trans- 
mission  system  and  an  energy  pack.  The  subsur- 
face  components  are  incorporated  in  a  pipe  sec- 
tion  which  is  located  in  the  lower  end  of  a  drill 
string. 

The  sensors  measure  the  parameters  that  are 
relevant  for  the  drilling  process,  such  as  the 
azimuth  and  the  inclination  of  the  borehole,  the 
direction  of  the  tool  face  in  the  borehole,  the 
weight  on  the  bit  and  torque,  and  the  gamma 
radiation,  the  electric  resistivity  and  the  porosity 
of  the  formations  traversed.  Signal  processors 
transform  the  output  of  the sensors  into  coded 
signals,  which  signals  are  transmitted  to  surface 
by  the  transmitter.  At  surface,  the  signals  are 
received  and  decoded,  in  order  to  store  and  to 
display  the  magnitudes  of  the  measured  para- 
meters  in  a  proper format. 

Finally,  the  energy  pack,  located  in  the  pipe 
section,  supplies  the  energy  that  is  required  to 
operate  the  sensors,  the  signal  processor  and  the 
transmission  system.  Most  telemetry  systems  are 
powered  by  electric  energy,  and  the  energy  pack 
applied  in  the  majority  of these  systems  to  supply 
the  electric  energy  consists  of  an  electric 
generator  and  an  electric  accumulator. 

There  are  three  types  of  electric  generators 
known  in  the  art  that  are  used  as  a  subsurface 
component  of  a  telemetry  system: 

(1)  a  rotary  generator  driven  by  a  drilling  fluid 
powered  hydraulic  turbine, 

(2)  a  linear  generator  included  in  a  shock 
absorber,  and 

(3)  a  generator  consisting  of  a  small  disc  with  a 
piezoelectric  crystal  or  a  fixed  coil  with  a  magnetic 
core  movable  relatively  to  the  coil,  wherein  the 
disc  or  the  core  are  activated  by  the  turbulence  in 
the  flow  of  drilling  fluid. 

When  applying  a  hydraulic  turbine  for  actuating 

the  rotary  generator,  the  turbine  and  the 
generator  are  normally  located  in  a  common 
housing  together  with  the  other  subsurface  com- 
ponents,  wherein  the  housing  is  mounted  in  a 
pipe  section  that  can  be  included  in  the  drill 
string.  Details  of  telemetry  systems  equipped 
with  a  rotary  generator  can  be  found  in  G B - A -  
2,009,473  and  US-A-3,693,428.  These 
generators  and  their  drives  are  expensive,  as  their 
construction  is  complex  and  includes  many  seals 
and  bearings. 

An  alternative  to  the  expensive  rotary  generator 
is  the  linear  generator  which  is  included  in  a 
shock  absorber  together  with  the  other  sub- 
surface  components.  The  linear  generator  has  a 
simple  construction,  however  creating  room  for 
the  other  subsurface  components  results  in  a 
decreasing  bending  stiffness  of  the  shock 
absorber.  Therefore  the  shock  absorber  contain- 
ing  a  telemetry  system  is  a  weak  section  in  the 
drill  string.  Furthermore,  a  shock  absorber  is  not 
considered  necessary  in  most  drilling  operations. 
Details  of  the  linear  generator  included  in  a  shock 
absorber  can  be  found  in  US-A-3,448,305. 

The  third  generator  consists  of  a  vibratory 
flexible  element  forming  a  part  of  the  outer  sur- 
face  of  a  pipe  section  that  will  be  included  in  the 
drill  string.  The  flexible  element  consists  of  piezo- 
electric  material  or  of  a  fixed  coil  with  a  magnetic 
core  movable  with  respect  to  the  coil. 

The  element  is  activated  by  the  turbulence  in 
the  drilling  fluid  that  flows  in  the  annular  space 
between  the  drill  string  and  the  borehole  wall. 
The  amount  of  electric  energy  generated  with 
such  a  generator  is  likely  to  be  small  relative  to 
the  electric  energy  requirements  of  the  sensors, 
the  signal  processors  and  the  transmission 
system.  Details  of  this  electric  generator  can  be 
found  in  US-A-3,970,877. 

Object  of  the  invention  is  a  means  for  generat- 
ing  electric  energy  in  a  borehole  operating  in  a 
simple  manner,  which  electric  generator  has  a 
minimum  of  seals  and  bearings  and  occupies  a 
small  volume  such  that  the  electric  generator  can 
be  incorporated  in  the  pipe  section  that  houses 
the  sensors,  the  signal  processor,  the  trans- 
mission  system  and  the  electric  accumulator. 

Another  object  of  the  invention  is  a  means  for 
generating  electric  energy  in  a  borehole  operating 
in  a  simple  manner,  having  a  minimum  of  seals 
and  bearings,  which  electric  generator  can  be 
combined  with  the  transmission  system  into  one 
compact  system. 

In  order  to  achieve  these  objects  the  means 
according  to  the  invention  is  characterized  in  that 
a  valve  means  is  located  in  the  conduit  system, 
and  that  the  anchor  of  the  electric  generator  is 
mounted  such  that  it  can  move  in  a  reciprocating 
mode  relative  to  the  stator  by  the  action  of 
changes  in  the  fluid  flow  through  the  conduit 
system  caused  by  the  operation  of  the  valve 
means. 

It  will  be  appreciated  that  the  electric  generator 
according  to  the  invention  can  be  applied  in  all 
kinds  of  telemetry  systems  that  require  electric 



energy.  Most  of  these  telemetry  systems  use 
variations  of the  pressure  in  the  column  of  drilling 
fluid  in  the  borehole  to  transmit  data  to  surface. 
These  pressure  variations,  or  pressure  pulses,  are 
induced  by  changes  in  the  fluid  flow  through  the 
pipe  section  generated  by  the  transmission 
system.  It  will  be  appreciated  that  the  combina- 
tion  of  these  so-called  "pressure  pulse  trans- 
mitters"  with  the  electric  generator  is  attractive 
since  the  changes  in  the  fluid  flow  that  activate 
the  anchor  can  be  used  to  transmit  the  infor- 
mation. 

There  are  two  types  of  pressure  pulse  trans- 
mitters  known  in  the  art:  the  "positive  pressure 
pulse  transmitter",  and  the  "negative  pressure 
pulse  transmitter".  The  positive  pressure  pulse 
transmitter  includes  a  valve  means  that  permits 
or  restricts  fluid  flow  through  the  pipe  section, 
and  a  system  of  this  kind  has  been  described  in 
detail  in  US-A-3,693,428.  The  negative 
pressure  pulse  transmitter  includes  a  valve 
means  that  permits  or  stops  flow  from  the  interior 
of  the  pipe  section  to  the  exterior  thereof,  and  is 
described  in  detail  in  US-A-4,078,620. 

It  is  observed  that  utilization  of  an  oscillating 
anchor  in  an  electrical  generator  is  known,  for 
example,  from  GB-A-774,551.  In  the  known 
generator  the  anchor  is  mounted  on  a  diaphragm 
which  forms  part  of  a  breathing  chamber.  This 
known  arrangement  is,  in  view  of  its  fragility,  not 
suitable  for  utilization  in  a  borehole  during  drilling 
thereof. 

Different  embodiments  of  the  electric  generator 
according  to  the  invention  will  now  be  decribed 
by  way  of  example  with  reference  to  the  draw- 

ings,  wherein: 
Figure  1  shows  a  schematic  side-view  of  a 

rotary  drilling  system  including  a  pipe  section 
housing  the  subsurface  components  of  the  tele- 
metry  system; 

Figures  2A  and  2B  show  schematically  a  longi- 
tudinal  section  of  the  lower  part  and  the  upper 
part,  respectively,  of  a  pipe  section  housing  a 
telemetry  system  with  a  negative  pressure  pulse 
transmitter; 

Figure  3  shows  detail  III  of  Figure  2A  repro- 
duced  on  a  scale  larger  than  the  scale  of  Figure 
2A; 

Figure  4  shows  detail  IV  of  Figure  2A  repro- 
duced  on  a  scale  larger  than  the  scale  of  Figure 
2A; 

Figure  5  shows  schematically  a  longitudinal 
section  of  the  lower  end  of  a  pipe  section  housing 
a  telemetry  system  with  a  positive  pressure  pulse 
transmitter; 

Figure  6  shows  a  cross-section  of  Figure  5  taken 
over  the  line  VI-VI,  reproduced  on  a  scale  larger 
than  the  scale  of  Figure  5;  and 

Figure  7  shows  a  cross-section  of  Figure  5  taken 
over  the  line  VII-VII,  and  reproduced  on  a  scale 
larger  than  the  scale  of  Figure  5. 

Reference  is  made  to  Figure  1,  showing  a  bore- 
hole  10  and  in  operative  position  in  the  borehole 
10  a  drill  string  11  with  a  drill  bit  12  attached  to  the 
lower  end  of the  drill  string  11.  The  drill  string  11 

consists  of  a  kelly  13  having  a  polygonal  cross- 
section,  a  string  of  interconnected  drill  pipes  15 
connected  to  the  lower  end  of  the  kelly  13,  a 
cross-over  section  16  to  connect  a  plurality  of 
interconnected  drill  collars  17  to  the  lower  end  of 
the  string  of  drill  pipes  15,  a  pipe  section  18 
housing  the  subsurface  components  of  the  tele- 
metry  system  and  a  section  19  connecting  the  drill 
bit  12  to  the  lower  end  of  the  pipe  section  18. 

A  rotary  table  20  cooperates  with  the  kelly  13 
such  that  the  kelly  13  can  slide  therethrough  and 
that  the  rotation  of  the  rotary  table  20  can  be 
transferred  to  the  kelly  13. 

The  upper  end  of  the  kelly  13  is  connected  to  a 
swivel  21,  which  in  turn  is  attached  to  a  hook  22. 
The  hook  22  is  part  of  a  travelling  block  (not 
shown)  of  a  block  and  tackle  assembly  (not 
shown)  driven  by  the  rig  drawworks  (not  shown). 
The  block  and  tackle  assembly  allows  lowering 
and  raising  of  the  drill  string  11  in  a  controlled 
way. 

The  swivel  21  permits  rotation  of  the  kelly  13 
and  forms  a  fluid  communication  for  the  passage 
of  drilling  fluid  between  a  flexible  mud  hose  23 
and  the  interior  of  the  drill  string  11. 

One  or  more  pumps  (not  shown)  suck  drilling 
fluid  from  the  mud  pits  (not  shown)  and  pump  the 
drilling  fluid  via  a  stand  pipe  24,  the  mud  hose  23 
and  the  swivel  21  down  through  the  interior  of  the 
drill  string  11.  The  drilling  fluid  returns  to  surface 
via  a  plurality  of  nozzles  25  in  the  drill  bit  12,  the 
annular  space  26  between  the  drill  string  11  and 
the  wall  of  the  borehole  -10,  and  an  outlet  27, 
which  outlet  is  connected  to  the  mud  pits  (not 
shown). 

A  pressure  sensor  28  is  located  on  the  stand 
pipe  24  to  monitor  the  pressure  of  the  drilling 
fluid  in  the  stand  pipe  24.  It  will  be  explained  here- 
inafter  with  reference  to  Figures  2A,  2B  and  5  that 
transmission  of  data  from  the  pipe  section  18  to 
surface  is  done  by  varying  the  pressure  in  the 
drilling  fluid.  The  pressure  changes  are  detected 
by  the  sensor  28,  and  the  output  of  the  sensor  28 
is  interpreted  by  a  signal  processor  29  which 
displays  the  data  in  proper  units,  and  transmits 
them  to  other  locations  for  interpretation. 

With  exception  of  the  subsurface  components 
of  the  telemetry  system  in  pipe  section  18,  all 
foregoing  means  described  with  reference  to 
Figure  1  are  known  in  the  art  and  will  not  be  dis- 
cussed  in  detail. 

Reference  is  now  made  to  Figures  2A  and  2B 
which  show  schematically  the  lower  part  and  the 
upper  part,  respectively,  of  a  longitudinal  section 
of the  pipe  section  18  housing  a  telemetry  system 
with  a  negative  pressure  pulse  transmitter. 

The  pipe  section  18  consists  of  a  housing  30 
and  a  pipe  31  concentric  therewith  and  secured  to 
the  lower  end  of  the  housing  30  by  means  of  a 
screw  coupling  32.  The  upper  end  of  the  housing 
30  is  equipped  with  upper  connector  means  33 
(see  Figure  2B)  in  the  shape  of  an  external  tapered 
screw  thread,  and  the  concentric  pipe  31  is  equip- 
ped  with  lower  connector  means  34  (see  Figure 
2A)  in  the  shape  of  an  internal  tapered  screw 



thread.  With  these  connector  means  the  pipe 
section  18  is  included  in  the  drill  string  11  (see 
Figure 1). 

The  lower  annular  space  35A  (see  Figure  2A) 
between  the  housing  30  and  the  pipe  31  houses  a 
linear  electric  generator  36,  and  a  valve  37  permit- 
ting  or  stopping  flow  through  a  nozzle  38.  The 
outer  surface  of  the  upper  end  of  the  housing  30 
houses  a  sensor  39  (see  Figure  2B).  The  upper 
annular  space  35B  houses  a  signal  adaptor  40,  a 
processor  41  and  an  electric  accumulator  42. 

The  interior  43  of the  pipe  31,  the  upper  annular 
space  35B  and  the  lower  annular  space  35A,  are 
part  of  a  conduit  system. 

The  linear  electric  generator  36  consists  of  a 
sleeve-like  anchor  assembly  45,  and  a  sleeve-like 
stator  assembly  46.  The  upper  end  of  the  anchor 
45  is  suspended  by  suitable  means  from  a  flexible 
ring  47  made  of  an  elastic  material  (such  as 
rubber),  and  the  lower  end  of  the  anchor  45  is 
supported  by  a  number  of  spring  elements  48. 
The  spring  elements  48  are  connected  with 
appropriate  means  to  a  ring  49.  Movement  of  the 
stator  46  in  axial  direction  relative  to  the  housing 
30  is  prevented  by  an  upper-  and  a  lower  spacer 
ring  50  and  51,  respectively.  The  lower  spacer  ring 
51  rests  on  a  shoulder  52  of  the  pipe  31  and  the 
upper  spacer  ring  50  is  kept  down  by  a  plurality  of 
pins  53  which  are  screwed  in  threaded  holes  54  in 
the  wall  of the  pipe  31.  An  opening  55  in  the  lower 
spacer  ring  51  allows  attachment  of  the  valve  37 
to  the  pipe  31.  The  way  in  which  the  valve  37  is 
attached  to  the  pipe  31  is  shown  in  more  detail  in 
Figure  3. 

A  plurality  of  openings  56  in  the  wall  of the  pipe 
31  allows  fluid  communication  between  the 
interior  43  of  the  pipe  31  and  the  upper  annular 
space  35B. 

Interconnected  coils  (that  will  be  described  in 
more  detail  hereinafter  with  reference  to  Figure 
4),  made  of  insulated  electric  wires,  form  part  of 
the  stator  46.  The  coils  are  connected  to  a  rectifier 
(not  shown)  in  the  processor  41  via  electric  wires 
(not  shown).  The  wires  (not  shown)  run  through  a 
groove  (not  shown)  in  the  flexible  ring  47  and  a 
groove  (not  shown)  in  the  upper  spacer  ring  50. 
The  rectifier  (not  shown)  is  connected  to  the 
accumulator  42  via  electric  wires  62. 

Reference  is  now  made  to  Figure  3,  which 
shows  detail  III  of  Figure  2A  reproduced  on  a  scale 
larger  than  the  scale  of  Figure  2A.  The  valve  37 
consists  of  a  valve  housing  65,  a  cylindrical  valve 
body  66  located  in  the  housing  65  and  an  electric 
motor  67  operatively  connected  via  a  stem  68  to 
the  valve  body  66.  The  motor  67  rests  on  the 
shoulder  52  and  is  connected  with  screws  69  to  a 
block  70  welded  on  the  pipe  31.  The  signals  to 
operate  the  electric  motor  67  are  conducted  from 
the  processor  41  (see  Figure  2B)  to  the  electric 
motor  67  via  electric  wires  (not  shown).  The  wires 
(not  shown)  run  through  a  groove  (not  shown)  in 
the  upper  spacer  ring  50  (see  Figure  2A),  through 
a  groove  (not  shown)  in  the  flexible  ring  47, 
through  a  groove  (not  shown)  in  the  exterior  wall 
of  the  pipe  31,  and  through  the  lower  annular 

space  35A.  The  groove  in  the  exterior  wall  of  the 
pipe  31  is  filled  with  a  sealing  material,  such  as 
rubber,  to  protect  the  electric  wires. 

The  valve  housing  65  (see  Figure  3)  has  two 
inlets  73  and  74  and  an  outlet  75.  The  inlet  73  is  in 
fluid  communication  with  the  interior  43  of  the 
pipe  31,  and  the  inlet  74  is  in  communication  with 
the  lower  annular  space  35A.  The  outlet  75  is  in 
fluid  communication  with  the  bore  of  the  nozzle 
38.  The  cylindrical  valve  body  66  is  supported  in 
the  valve  housing  65  by  suitable  means  (not 
shown),  allowing  the  rotation  of  the  valve  body  66 
about  the  central  axis  of  the  stem  68.  The  electric 
motor  67  drives  the  valve  body  66.  Rotation  of  the 
valve  body  66  over  90° from  the  position  shown  in 
Figure  3  will  stop  fluid  communication  between 
the  inlets  73  and  74  and  the  outlet  75.  A  seal  76 
prevents  leakage  of  fluid  between  the  valve  hous- 
ing  65  and  the  nozzle  38.  It  will  be  appreciated  that 
for  the  sake  of  ready  understanding  details  about 
the  seals  in  the  valve  housing  65  are  omitted. 

The  inlets  73  and  74,  the  outlet  75,  and  the 
plurality  of  openings  56  (see  Figure  2A)  complete 
the  conduit  system  that  includes  the  interior  43  of 
the  pipe  31,  the  upper  annular  space  35B,  the 
lower  annular  space  35A  and  the  passages  men- 
tioned  in  the  beginning  of  this  sentence. 

In  order  to  describe  the  remaining  part  of  the 
subsurface  components  of  the  telemetry  system 
reference  is  now  made  to  Figure  2B.  The  sensor 
39  is  a  strain  gauge  that  measures  the  weight  on 
bit.  The  strain  gauge  39  is  mounted  in  a  groove  78 
in  the  outer  surface  of  the  housing  30.  For  protec- 
tion  the  groove  78  is  filled  with  proper  filling 
means,  such  as  epoxy resin.  The  strain  gauge  39 
is  connected  to  the  signal  adaptor  40  via  electric 
wires  80.  In  its  turn  the  signal  adaptor  40  is 
connected  to  the  processor  41  via  electric  wires 
81. 

To  allow  activation  of  the  system  by  remote 
control,  a  pressure  sensor  84  is  applied,  which  is 
mounted  on  the  outside  of  the  pipe  31  and  is  in 
fluid  communication  with  the  interior  43  of  the 
pipe  31  via  opening  85.  The  sensor  is  electrically 
coupled  to  the  processor  41  by  electric  wires  86. 
The  processor  is  programmed  to  start  a 
measuring/transmitting  sequence  upon  receiving 
a  predetermined  signal  from  the  pressure  sensor 
84.  This  sequence  will  be  described  hereinafter 
when  the  operation  of  the  telemetry  system  will 
be  described. 

In  order  to  guide  the  pipe  31  and  to  protect  the 
subsurface  components  during  assembly  of  the 
pipe  31  in  the  housing  30,  a  plurality  of  centralizer 
pins  89  is  screwed  in  threaded  holes  90  in  the  pipe 
31. 

The  linear  electric  generator  will  now  be 
described  with  reference  to  Figure  4,  showing 
detail  IV  of  Figure  2A  reproduced  on  a  scale  larger 
than  the  scale  of  Figure  2A.  The  stator  46  consists 
of  a  cylindrical  body  100,  a  magnetizable  metal 
face  101  and  coils  102  of  insulated  electric  wires. 
The  anchor  45  consists  of  a  grooved  cylindrical 
body  103  and  elements  104  of  non-magnetic 
material  located  in  the  grooves  105  to  separate 



each  pair  of  the  North  and  South  pole  faces  of  the 
magnets  106. 

The  processor  41,  the  electric  accumulator  42, 
the  signal  adaptor  40  and  the  strain  gauge  39  are 
known  in  the  art  and  will  therefore  not  be 
discussed  in  detail. 

The  operation  of  the  telemetry  system  with  the 
negative  pressure  pulse  transmitter  will  now  be 
described  with  reference  to  the  Figures  1,  2A,  2B 
and  3. 

Prior  to  lowering  the  drill  string  11  (see  Figure 
1)  in  the  borehole  10,  the  electric  accumulator  42 
(see  Figure  2)  is  charged  at  surface,  and  the  valve 
37  is  closed.  The  techniques  used  in  rotary  drilling 
to  lower  the  drill  string  11  to  the  bottom  of  the 
borehole  10  and  to  deepen  the  borehole  are 
known,  and  will  therefore  not  be  described. 

When  a  survey  has  to  be  made,  the  driller  varies 
the  pump  pressure  in  a  predetermined  pattern. 
The  pressure  sensor  84  detects  the  pressure 
changes  and  the  processor  41  recognizes  this 
signal  as  a  signal  to  start  a  measuring/trans- 
mitting  sequence.  This  sequence  consists  of  three 
steps,  (1)  the  weight  on  bit  is  measured  by  the 
strain  gauge  and  a  signal  representing  the  weight 
on  bit  is  transmitted  to  surface;  (2)  at  surface  this 
signal  is  converted  and  the  weight  on  bit  dis- 
played;  and  (3)  finally  the  processor  41  deac- 
tivates  the  subsurface  components  until  a  new 
survey  has  to  be  made. 

The  steps  will  now  be  described  in  more  detail. 
The  magnitude  of  the  weight  on  bit,  as  measured 
by  the  strain  gauge  39,  is  converted  into  a  binary 
code  by  the  signal  adaptor  40  and  fed  into  the 
processor  41.  The  processor  41  converts  the 
binary  code  in  a  sequence  of  commands  to  open 
and  to  close  the  valve  37  successively.  This 
sequence  of  commands  represents  the  mag- 
nitude  of  the  weight  on  bit. 

Opening  the  valve  37  results  in  a  change  in  the 
fluid  flow  through  the  conduit  system,  which 
change  comprises  a  fluid  flow  from  the  lower 
annular  space  35A  to  the  exterior  of  the  housing 
30  and  a  fluid  flow  from  the  interior  43  of  the  pipe 
31  to  the  exterior  of  the  housing  30,  since  the  fluid 
pressure  in  the  interior  43  of  the  pipe  31  exceeds 
the  fluid  pressure  in  the  annular  space  26  around 
the  pipe  section  18.  The  latter  flow  causes  the 
fluid  pressure  in  the  interior  43  of  the  pipe  31  to 
drop.  As  the  interior  43  of  the  pipe  31  is  in  fluid 
communication  with  the  interior  of  the  stand  pipe 
24  (see  Figure  1),  this  pressure  drop  is  detected  by 
the  pressure  sensor  28  at  surface  and  stored  in 
the  signal  processor  29. 

When  the  sequence  of  commands  has  been 
carried  out  by  the  valve  37,  the  magnitude  of  the 
weight  on  bit  has  been  transmitted  to  surface.  The 
signal  processor  29  (at  surface)  converts  the 
received  code  and  displays  the  measured  value  of 
the  weight  on  bit  in  appropriate  units,  and  trans- 
mits  the  value  to  other  locations. 

The  subsurface  processor  41  (see  Figure  2B)  is 
programmed  to  deactivate  the  subsurface  com- 
ponents  when  the  survey  has  been  performed, 
until  a  new  survey  has  to  be  done. 

The  operation  of  the  subsurface  components 
requires  electric  energy,  which  is  supplied  by  the 
electric  accumulator  42.  In  order  to  recharge  the 
accumulator  during  drilling,  electric  energy  is 
generated  with  the  linear  electric  generator  36. 

The  method  of  generating  electric  energy  will 
now  be  explained  with  reference  to  Figures  2A,  2B 
and  4. 

Opening  valve  37,  in  order  to  transmit  data  to 
surface,  results  in  a  fluid  flow  from  the  lower 
annular  space  35A  (see  Figure  2A)  to  the  exterior 
of  the  drill  string,  and  since  there  is  a  difference  in 
cross-section  between  the  inlet  74  of  the  valve 
housing  65  and  the  inlet  73  thereof,  the  pressure 
in  the  lower  annular  space  35A  will  drop  with 
respect  to  the  pressure  in  the  interior  43  of  the 
pipe  31.  As  the  interior  43  is  in  fluid  communica- 
tion  with  the  upper  annular  space  35B,  the  fluid 
pressure  in  the  upper  annular  space  35B  equals 
the  fluid  pressure  in  the  interior  43.  Consequently 
opening  of  the  valve  37  results  in  a  pressure 
difference  between  the  annular  spaces  35A  and 
35B.  This  pressure  difference  between  the  upper 
annular  space  35B  and  the  lower  annular  space 
35A  forces  the  flexible  ring  47  to  deform,  and  as  a 
result  thereof  the  anchor  45  moves  relative  to  the 
stator  46  against  the  action  of  the  spring  elements 
48. 

Closing  the  valve  37  results  in  a  fluid  flow  from 
the  interior  43  via  the  valve  housing  65  to  the 
lower  annular  space  35A,  as  a  result  whereof  the 
pressure  difference  between  the  upper-  and  the 
lower  annular  spaces  will  be  neutralized.  The 
anchor  45  is  returned  to  its  upper  position  by  the 
action  of  the  spring  elements  48.  Each  displace- 
ment  of  the  anchor  45  relative  to  the  stator  46 
results  in  a  change  of  the  magnetic  flux  field 
through  the  coils  102,  as  a  result  whereof  an 
amount  of  electric  energy  will  be  generated  which 
is  proportional  to  the  cumulative  volume  of  the 
magnetic  material  in  the  magnets  106  and  the 
magnetic  energy  density  of  this  magnetic 
material. 

The  electric  energy  is  conducted  via  the  electric 
wires  (not  shown)  to  a  rectifier  (not  shown)  in  the 
processor  41,  from  where  it  is  conducted  in 
rectified  form  via  electric  wires  62  to  the  electric 
accumulator  42  where  the  electric  energy  is 
stored. 

The  expression  "net  output  of  the  electric 
generator"  as  will  be  used  hereinafter  refers  to 
the  difference  between  the  amount  of  electric 
energy  generated  with  the  linear  electric 
generator  and  the  amount  of  energy  required  to 
operate  the  valve.  It  will  be  appreciated  that  the 
construction  of  the  generator  and  the  con- 
struction  of  the  valve  are  such  that  the  net  output 
of  electric  energy  is  positive.  The  expression 
"effective  output  of  the  electric  generator"  that 
will  be  used  hereinafter  is  the  difference  between 
the  net  output  of  electric  energy  and  the  electric 
energy  required  to  operate  the  sensor,  the  signal 
adaptor  and  the  processor. 

It  will  be  appreciated  that  the  electric 
accumulator  will  start  to  discharge  when  the 



effective  output  gets  negative.  In  order  to  avoid 
discharging  of  the  electric  accumulator,  the  pro- 
cessor  may  be  programmed  to  operate  the  valve 
during  intervals  in  which  no  surveys  are  required. 
During  these  intervals  the  sensors  and  signal 
adaptors  are  switched  off,  but  the  processor 
activates  the  valve  and  the  electric  generator 
generates  electric  energy  in  the  same  way  as 
described  hereinabove. 

In  an  alternative  embodiment  of  the  invention 
the  anchor  may  be  moved  by  the  fluid  flow  in  the 
lower  annular  space.  This  alternative  embodi- 
ment  will  now  be  described  with  reference  to 
Figure  2A.  In  this  alternative  embodiment  the  inlet 
73  is  not  present.  Further,  the  flexible  ring  47  is 
replaced  by  a  guide  ring,  centralizing  the  anchor 
45  and  permitting  fluid  communication  between 
the  upper-  and  lower  annular  spaces  358  and  35A. 

In  the  alternative  embodiment,  opening  of  the 
valve  37  will  result  in  a  pressure  drop  in  the 
annular  spaces  35A  and  35B  and  consequently 
fluid  will  flow  from  the  interior  43  of  the  pipe  31 
through  the  openings  56,  through  the  annular 
spaces  35B  and  35A,  the  inlet  74  and  the  bore  of 
the  nozzle  38  to  the  exterior  of  the  housing  30. 

The  fluid  flow  through  the  lower  annular  space 
35A  entrains  the  anchor  45  of  the  linear  electric 
generator  36  against  the  action  of  the  spring 
elements  48.  Upon  closing  the  valve  37,  the  fluid 
flow  stops  and  the  spring  elements  48  force  the 
anchor  45  to  move  back.  The  generated  electric 
energy  is,  as  described  with  reference  to  Figure 
2B,  conducted  to  the  electric  accumulator  and 
stored  therein. 

It  will  be  appreciated  that  the  relative  move- 
ment  between  the  anchor  and  the  stator  of  the 
electric  generator  is  not  restricted  to  reciprocating 
displacements  in  axial  direction  as  described  with 
reference  to  Figures  2A  and  2B.  In  an  alternative 
manner,  the  anchor  can  be  mounted  to  rotate 
relative  to  the  stator  in  a  reciprocating  mode. 
Such  generator,  wherein  the  anchor  rotates  back 
and  forward,  is  of  the  oscillating  type  and  will  be 
described  hereinafter  in  more  detail  with  ref- 
erence  to  Figure  5. 

Besides  using  the  electric  generator  in  combi- 
nation  with  the  negative  pressure  pulse  transmit- 
ter  as  described  with  reference  to  Figures  2A  and 
2B,  it  is  also  possible  to  use  the  electric  generator 
in  combination  with  a  positive  pressure  pulse 
transmitter.  This  latter  system  will  be  described 
hereinafter  also  with  reference  to  Figure  5. 

Figure  5  shows  schematically  a  longitudinal 
section  of  the  lower  part  of  a  pipe  section  18 
housing  a  telemetry  system  with  a  positive 
pressure  pulse  transmitter.  The  upper  part  of  pipe 
section  18  is  shown  in  Figure  2B  and  the  oper- 
ation  of  the  components  shown  in  Figure  2B  has 
been  discussed  hereinabove. 

An  oscillating  electric  generator  110  and  a  valve 
111  are  located  in  the  conduit  system  which  is 
formed  by  the  interior  of  the  pipe  31'.  The  pipe  31' 
is  arranged  concentric  with  the  housing  30  and 
connected  to  the  housing  by  means  of  a  screw 
coupling  32. 

The  oscillating  electric  generator  110  consists 
of  an  anchor  112  equipped  with  blades  113  and  a 
stator  114.  To  illustrate  the  shape  of  the  blades 
113,  reference  is  made  to  Figure  6,  which  shows  a 
part  of  the  top  view  of  the  anchor  112.  The  anchor 
112  is  supported  by  a  torsion  spring  115  and  is 
prevented  from  tilting  by  a  ring  116.  The  upper 
end  of  the  torsion  spring  115  is  connected  to  the 
anchor  112  by  a  plurality  of  pins  117  welded 
thereto,  which  pins  117  fit  in  holes  118  in  the 
lower  end  of  the  anchor  112.  A  plurality  of  pins 
119  is  welded  to  the  lower  end  of  the  torsion 
spring  115. The  pins  119 fit in  holes  120 in a flange 
121  which  is  part  of  the  pipe  31'. The  stator  114  is 
confined  between  the  valve  111  and  the  flange 
121  by  an  upper-  and  a  lower  spacer  ring  122  and 
123,  respectively.  The  stator  114  is  electrically 
coupled  to  the  rectifier  (not  shown)  in  the  pro- 
cessor  41  (see  Figure  2B)  by  means  of  electric 
wires  (not  shown),  running  through  a  bore  (not 
shown)  in  the  wall  of  the  pipe  31'. 

The  valve  111  consists  of  a  valve  seat  129,  a 
conduit  130,  a  valve  puppet  131  and  an  actuator 
132  connected  thereto  by  a  stem  133.  The  actu- 
ator  132  consists  of  a  solenoid  that  is  electrically 
coupled  to  the  processor  41  (see  Figure  2B)  via 
electric  wires  (not  shown)  running  through  a  bore 
(not  shown)  in  the  pipe  31'.  The  valve  111  is 
positioned  in  the  pipe  31'  by  a  plurality  of  pins 
136.  To  allow  displacement  of  the  valve  puppet 
131  against  the  flow  of  drilling  fluid  through  the 
valve  seat  129,  a  hydraulic  amplifier  may  be 
included  in  the  valve  to  assist  the  solenoid.  Such 
valve  means  with  hydraulic  amplifier  are  known 
per  se  from  US-A-3,693,428,  therefore  no 
detailed  description  of  such  a  valve  means  is 
given  here. 

Figure  7  shows  a  part  of  the  cross-section  of  the 
oscillating  electric  generator  110  of  Figure  5  on  a 
scale  larger  than  the  scale  of  Figure  5.  The  stator 
114  consists of  a  cylindrical  body  140,  a  magnitiz- 
able  metal  face  141  and  coils  142  of  insulated 
electric  wires.  The  anchor  112  consists  of  a 
cylindrical  body  143  with  magnets  144  in  axial 
direction  thereof  and  elements  145  of  non-mag- 
netic  material  located  in  grooves  146  to  separate 
each  pair  of  the  North  and  South  pole  faces  of  the 
magnets  144. 

The  operation  of  the  telemetry  system  with  the 
negative  pressure  pulse  transmitter  will  now  be 
described  with  reference  to  the  Figures  1, 2B  and 
5. 

Drilling  proceeds  with  drill  bit  12  attached  to  the 
lower  end  of drill  string  11  in  the  borehole  10  (see 
Figure  1).  The  valve  111  (see  Figure  5)  is  open  and 
the  valve  puppet  131  is  in  its  lowermost  position. 
When  a  survey  has  to  be  made  the  driller  varies 
the  pump  pressure.  The  pattern  with  which  the 
pump  pressure  is  varied  is  detected  by  the 
pressure  sensor  84  (see  Figure  2B)  and  recog- 
nized  by  the  processor  41  (see  Figure  2B)  as  a 
signal  to  activate  the  system.  The  signal  from  the 
strain  gauge  39  is  coded  by  the  signal  adaptor  40 
to  a  binary  representation  of the  magnitude  of the 
weight  on  bit.  The  processor  41  converts  the 



binary  signal  into  a  sequence  of  commands  that 
are  conducted  to  the  actuator  132  (see  Figure  5)  of 
the  valve  111.  Valve  111  is  then  actuated  in  a 
sequence  of  openings  and  closings  representing 
the  magnitude  of  the  weight  on  bit.  The  pressure 
variations  induced  by  successively  opening  and 
closing  the  valve  111  are  detected  by  the  pressure 
sensor  28  (see  Figure  1)  located  on  the  stand  pipe 
24.  The  signal  processor  29  at  surface  analyzes 
the  signals  from  the  pressure  sensor  28,  and 
displays  the  weight  on  bit  in  appropriate  units  and 
transmits  the  value  to  other  locations.  The  pro- 
cessor  41  (see  Figure  2B)  is  programmed  to  de- 
activate  the  subsurface  components  when  the 
survey  has  been  performed,  until  a  new  survey 
has  to  be  carried  out. 

The  operation  of  the  subsurface  components  of 
the  system  described  above  with  reference  to  the 
combination  of  Figures  1,  2B  and  5  requires 
electric  energy,  which  is  supplied  by  the  electric 
accumulator  42  (see  Figure  2B).  In  order  to 
recharge  the  accumulator  during  drilling,  electric 
energy  is  generated  with  the  oscillating  electric 
generator  110  (see  Figure  5),  the  operation  of 
which  will  now  be  described  with  reference  to  the 
Figures  5,  6  and  7.  When  valve  111  is  in  open 
position,  drilling  fluid  flows  along  the  valve 
puppet  131  and  passes  via  the  conduit  130  in  the 
direction  of  the  blades  113  on  the  anchor  112.  The 
action  of  this  flow  through  the  conduit  system  on 
the  blades  113  holds  the  anchor  112  in  its  initial 
position  against  the  action  of  the  torsion  spring 
115.  To  transmit  data  to  surface,  the  valve  111  is 
closed  and  opened  in  a  sequence  representing 
the  binary  translation  of the  measured  parameter. 
Closing  the  valve  111  restricts  the  flow  through 
the  conduit  130  and  the  torque  on  the  blades  113 
resulting  from  the  action  of  the  fluid  flow 
decreases.  As  a  result  thereof  the  action  of  the 
torsion  spring  115  forces  the  anchor  112  to  rotate 
away  from  its  initial  position.  Upon  opening  the 
valve  111  the  action  of  the  fluid  flow  out  of  the 
conduit  130  forces  the  anchor  112  to  rotate  back 
to  its  initial  position. 

The  pole  faces  of  the  magnet  144  (see  Figure  7) 
move  relative  to  the  coils  142  together  with  the 
oscillating  movement  of  the  anchor  112.  During 
each  displacement  an  amount  of  electric  energy  is 
generated.  The  electric  energy  is  conducted  to  the 
rectifier  (not  shown)  in  the  processor  41  (see 
Figure  2B),  and  from  there  it  is  conducted  to  the 
electric  accumulator  42  where  the  electric  energy 
is  stored. 

It  will  be  appreciated  that  the  oscillating 
generator  actuated  by  the  valve  can  generate 
electric  energy  independently  of the  sensor,  in  the 
same  way  as  the  linear  generator  discussed  here- 
inabove. 

It  will  be  appreciated  that  the  oscillating 
generator  as  described  hereinabove  with  ref- 
erence  to  Figure  5  can  be  replaced  by  a  linear 
electric  generator  of  which  the  anchor  is 
entrained  in  axial  direction  by  the  fluid  flow 
through  the  valve  111. 

The  application  of  the  present  invention  is  not 

limited  to  the  use  thereof  in  drilling  operations 
that  are  carried  out  by  means  of  a  rotating  drill 
string.  With  equal  good  results,  the  means  for 
generating  electric  energy  included  in  a  telemetry 
system  may  be  used  in  a  drilling  operation 
wherein  a  down-hole  motor,  such  as  a  hydraulic 
turbine  is  applied  to  drive  the  drill  bit.  Such  down- 
hole  motor  is  mounted  in  the  lower  end  of  the  drill 
string,  just  above  the  drill  bit  12  (see  Figure  1). 

The  present  invention  is  not  restricted  to  the 
use  of  the  valves  described  with  reference  to 
Figures  2A  and  5.  If  desired,  the  changes  in  the 
fluid  flow  through  the  pipe  section  required  for 
generating  the  pressure  pulses  may  be  raised  by 
the  so-called  fluidic  oscillator.  The  fluidic 
oscillator  is  known  per  se  from  US-A-3,405,770 
and  therefore  it  is  not  described  here  in  detail. 

The  present  invention  is  also  not  restricted  to 
an  electric  generator  provided  with  an  anchor 
carrying  the  pole  faces  and  a  stator  carrying  the 
coils.  Use  may  also  be  made  of  an  electric 
generator  wherein  the  coils  and  the  pole  faces  are 
carried  by  the  anchor  and  the  stator,  respectively. 

Further,  the  present  invention  is  not  limited  to 
magnetic-electric  generators  to  generate  elec- 
tricity.  Also  electric  generators  using  the  prin- 
ciples  of  piezo-electricity  of  magneto-striction  can 
be  combined  with  pressure  pulse  telemetry 
systems.  The  first  of  these  principles  refers  to 
generating  electricity  by  deforming  a  suitable 
crystal.  The  moving  part  of  the  electric  generator 
is  then  a  mass  coupled  to  the  stationary  crystal  by 
means  of  a  spring,  which  spring  is  designed  such 
that  the  resonance  frequency  of  the  mass  spring 
system  optimizes  the  electric  energy  generated. 
The  latter  principle,  that  of  the  magneto-striction, 
refers  to  spontaneous  magnetization  by  deform- 
ing  a  piece  of  a  suitable  material.  The  moving  part 
of  the  generator  then  consists  of  a  mass  coupled 
to  the  piece  of  metal  by  a  spring,  and  the  immov- 
able  part  consists  of  coils  of  electric  wires.  The 
design  of  the  spring  and  the  coils  is  such  that  an 
optimal  amount  of  electric  energy  is  generated. 

1.  Means  for  generating  electric  energy  in  a 
borehole  during  drilling  thereof,  including  a  hous- 
ing  provided  with  connector  means  at  the  ends 
thereof  for  inserting  the  housing  in  a  drill  string,  a 
conduit  system  for  passing  fluid  through  the 
housing,  and  an  electric  generator  including  a 
stator  and  an  anchor  assembly  arranged  in  the 
housing,  characterized  in  that  a  valve  means  is 
located  in  the  conduit  system,  and  that  the  anchor 
is  mounted  such  that  it  can  move  in  a  reciprocat- 
ing  mode  relative  to  the  stator  by  the  action  of 
changes  in  the  fluid  flow  through  the  conduit 
system  caused  by  the  operation  of  the  valve 
means. 

2.  Means  according  to  claim  1,  characterized  in 
that  the  conduit  system  includes  a  fluid  conduit 
extending  axially through  the  housing,  an  annular 
space  between  the  housing  and  the  fluid  conduit 
containing  the  electric  generator  and  com- 



municating  with  the  fluid  conduit,  and  the  valve 
means  permitting  or  restricting  fluid  communica- 
tion  between  the  annular  space  and  the  exterior 
of  the  housing. 

3.  Means  according  to  claim  1,  characterized  in 
that  the  conduit  system  includes  a  conduit  in  axial 
direction  containing  the  electric  generator  and  the 
valve  means  controlling  the  flow  through  the 
conduit. 

4.  Means  according  to  claim  2,  characterized  in 
that  a  flexible  ring  separates  the  annular  space  in 
two  parts,  both  parts  being  in  fluid  communica- 
tion  with  the  conduit,  and  wherein  one  end  of  the 
anchor  is  connected  to  the  ring  and  the  other  end 
is  connected  to  the  housing  by  means  of  flexible 
elements. 

5.  Means  according  to  any one  of  the  claims 
1-3,  characterized  in  that the  anchor  is  supported 
by  axial  spring  means  and  is  positioned  such  that 
the  changes  in  the  fluid  flow  through  the  conduit 
system  entrain  the  anchor  against  the  action  of 
the  spring. 

6.  Means  according  to  any one  of  the  claims 
1-3,  characterized  in  that  the  anchor  is  equipped 
with  blades  and  mounted  on  a  torsion  spring 
means  such  that  it  can  rotate  relative  to  the  stator. 

1.  Vorrichtung  zur  Erzeugung  von  elektrischer 
Energie  in  einem  Bohrloch  während  des  Bohrens, 
mit  einem  Gehäuse,  das an  seinem  einen  Ende 
Anschlußmittel  für  das  Einführen  des  Gehäuses 
in  ein  Bohrgestänge  aufweist,  einem  Leitungs- 
system  zur  Durchleitung  von  Fluid  durch  das 
Gehäuse  und  einem  elektrischen  Generator  mit 
einem  Stator  und  einer  Ankeranordnung  inner- 
halb  des  Gehäuses,  dadurch  gekennzeichnet,  daß 
innerhalb  des  Leitungssystems  eine  Ventilein- 
richtung  angeordnet  ist  und  daß  der  Anker  derart 
angebracht  ist,  daß  er  eine  Hin-  und  Her- 
bewegung  gegenüber  dem  Stator  aufgrund  der 
Wirkung  von  Veränderungen  der  Strömung  des 
Fluids  durch  das  Leitungssystem,  die  von  der 
Betätigung  der  Ventileinrichtung  herrühren,  aus- 
zuführen  vermag. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daß  das  Leitungssystem  eine  sich 
axial  durch  das  Gehäuse  erstreckende  Fluid- 
leitung  und  einen  den  Generator  enthaltenden 
und  mit  der  Fluidleitung  verbindenden  ring- 
förmigen  Raum  zwischen  dem  Gehäuse  und  der 
Fluidleitung  umfaßt  und  daß  die  Ventilein- 
richtung  eine  Fluidverbindung  zwischen  dem 
ringförmigen  Raum  und  dem  Äußeren  des 
Gehäuses  zuläßt  oder  einschränkt. 

3.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daß  das  Leitungssystem  eine  Lei- 
tung  in  axialer  Richtung  umfaßt,  die  den  elektri- 
schen  Generator  und  die  Strömung  durch  die  die 
Leitung  steuernde  Ventileinrichtung  enthält. 

4.  Vorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  daß  ein  flexibler  Ring  den  ring- 
förmigen  Raum  in  zwei  Bereiche  unterteilt,  die 
beide  mit  der  Leitung  in  Fluidverbindung  stehen, 

und  daß  ein  Ende  des  Ankers  mit  dem  Ring  ver- 
bunden  ist  und  das  andere  Ende  über  flexible 
Elemente  mit  dem  Gehäuse  verbunden  ist. 

5.  Vorrichtung  nach  einem  der  Ansprüche  1  bis 
3,  dadurch  gekennzeichnet,  daß  der  Anker  von 
axialen  Federmitteln  gehalten  und  derart  positio- 
niert  ist,  daß  die  Änderungen  der  Fluidströmung 
durch  das  Leitungssystem  den  Anker  gegen  die 
Wirkung  der  Feder  mitnehmen. 

6.  Vorrichtung  nach  einem  der  Ansprüche  1  bis 
3,  dadurch  gekennzeichnet,  daß  der  Anker  mit 
Schaufeln  versehen  und  an  einer  Drehfederein- 
richtung  derart  befestigt  ist,  daß  er  sich  ge- 
genüber  dem  Stator  zu  verdrehen  vermag. 

1.  Dispositif  pour  produire  de  l'énergie  électri- 
que  dans  un  trou  au  cours  de  son  forage,  compre- 
nant  un  carter  pourvu  à  ses  extrémités  de  moyens 
de  liaison  pour  l'insertion  du  carter  dans  une  tige 
de  forage,  un  ensemble  de  conduit  pour  faire 
passer  un  fluide  dans  le  carter,  et  un  générateur 
électrique  comportant  un  stator  et  un  ensemble 
d'ancrage  placé  dans  le  carter,  caractérisé  en  ce 
qu'une  valve  est  placée  dans  l'ensemble  de 
conduits  et  en  ce  que  l'ensemble  d'ancrage  est 
monté  de  telle  sorte  qu'il  puisse  se  déplacer  alter- 
nativement  par  rapport  au  stator  sous  l'action  de 
variation  de  l'écoulement  de  fluide  dans  l'ensem- 
ble  de  conduit  causées  par  l'actionnement  de  la 
valve. 

2.  Dispositif  selon  la  revendication  1,  carac- 
térisé  en  ce  que  l'ensemble  de  conduit  comprend 
un  conduit  de  fluide  s'étendant  axialement  au 
travers  du  carter,  un  espace  annulaire  entre  le 
carter  et  le  conduit  de  fluide  contenant  le  généra- 
teur  électrique  et  communiquant  avec  le  conduit 
de  fluide,  et  la  valve  permettant  d'étrangler  la 
communication  fluidique  entre  l'espace  annulaire 
et  l'extérieur  du  carter. 

3.  Dispositif  selon  la  revendication  1,  caracté- 
risé  en  ce  que  l'ensemble  de  conduit  comprend 
un  conduit  orienté  en  direction  axiale  et  conte- 
nant  le  générateur  électrique  et  la  valve  com- 
mande  l'écoulement  dans  le  conduit. 

4.  Dispositif  selon  la  revendication  2,  caracté- 
risé  en  ce  qu'un  anneau  flexible  sépare  l'espace 
annulaire  en  deux  parties,  les  deux  parties  étant 
en  communication  fluidique  avec  le  conduit  et  en 
ce  qu'une  extrémité  de  l'ensemble  d'ancrage  est 
reliée  à  l'anneau  tandis  que  son  autre  extrémité 
est  reliée  au  carter  au  moyen  d'éléments  flexibles. 

5.  Dispositif  selon  une  quelconque  des  reven- 
dications  1  à  3,  caractérisé  en  ce  que  l'ensemble 
d'ancrage  est  supporté  par  un  ressort  axial  et  est 
positionné  de  telle  sorte  que  les  variations  de 
l'écoulement  de  fluide  dans  l'ensemble  de 
conduit  entraînent  l'ensemble  d'ancrage  en  oppo- 
sition  à  l'action  du  ressort. 

6.  Dispositif  selon  une  quelconque  des  reven- 
dications  1  à  3,  caractérisé  en  ce  que  l'ensemble 
d'ancrage  est  équipé  de  lames  et  est  monté  sur  un 
ressort  de  torsion  de  telle  sorte  qu'il  puisse 
tourner  par  rapport  au  stator. 
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